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Reliability of Bedside Evaluation in Determining Left Ventricular
Function: Correlation With Left Ventricular Ejection Fraction
Determined by Radionudide Ventriculography
STEVEN J. MATTLEMAN, MD, A-HAMID HAKKI, MD, ABDULMASSIH S. ISKANDRIAN, MD,
FACC, BERNARD L. SEGAL, MD, FACC, SALLY A. KANE, RN
Philadelphia. Pennsylvania
Ninety-nine patients with chronic coronary artery dis-
ease were prospectively evaluated to determine the reo
liability of historical, physical, electrocardiographic and
radiologic data in predicting left ventricular ejection
fraction. The left ventricular ejection fraction measured
by radionuclide angiography was normal (:::::50%) in 44
patients (group 1) and abnormal «50%) in 55 patients;
36 of those 55 patients had an ejection fraction between
30 and 49% (group 2) and the remaining 19 patients
had an ejection fraction of less than 30% (group 3).
The ejection fraction was correctly predicted in 33 of
the 44 patients (75%) in group 1 and in 47 of the 55
patients (85%) with abnormal ejection fraction (groups
2 and 3), but the degree of ventricular dysfunction was
In the practice of cardiology and medicine, expensive, un-
comfortable and even risky procedures are performed to
establish a diagnosis when a thorough medical history and
physical examination might suffice. Electrocardiograms and
chest X-ray films may provide additional important infor-
mation to determine the anatomic diagnosis and, at times,
the degree of functional impairment of the heart.
Quantitative and qualitative assessment of left ventricular
function is an important prognosticator in patients with cor-
onary heart disease. Furthermore, it may be a useful index
for appropriate therapy. In the past, determination of left
ventricular ejection fraction was limited to invasive testing
with contrast left ventriculography (I), but now ejection
fraction can be measured by radionuclide angiography (2,3)
or echocardiography (4). Despite a plethora of data con-
cerning the importance of left ventricular ejection fraction,
there are few published reports concerning the accuracy of
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correctly predicted in only 19 patients (53%) in group
2 and in only 9 patients (47%) in group 3. Stepwiselinear
regression analysis was performed. The single most pre-
dictive variable was cardiomegaly as seen on chest roent-
genography (R2 = 0.52). Four optimal predictive vari-
ables-cardiomegaly, myocardial infarction as seen on
electrocardiography, dyspnea and rales-could explain
only 61% of the observed variables in left ventricular
ejection fraction. Thus, radionuclide ventriculography
adds significantly to the discriminant power of the clin-
ical, radiographic and electrocardiographic character-
ization of ventricular function in patients with chronic
coronary heart disease.
bedside evaluation combined with the electrocardiogram and
chest X-ray films in predicting left ventricular function. This
study was undertaken to determine the value and limitations
of historical, physical, electrocardiographic and X-ray data
in predicting left ventricular ejection fraction in patients with
chronic coronary heart disease.
Methods
Study patients. The patient population in this prospective study
comprised 99 consecutive patients with suspected or proved cor-
onary heart disease who underwent radionuclide angiography for
the evaluation of left ventricular function in our laboratory. There
were 65 men and 34 women, whose ages ranged between 32 and
82 years (mean 57). Patients with acute myocardial infarction or
valvular heart disease were excluded. Thirty-five patients had had
previous myocardial infarction (at least 6 months before the study)
defined by characteristic Q waves, 40 ms wide or more, in pre-
cordial leads for anterior infarction, and in leads III and aVF for
inferior infarction.
A complete history was recorded and physical examinatton was
performed by a cardiologist before the radionuclide angiographu:
study. The examiner was requested to predict the left ventricular
ejection fraction in each patient as normal (:::::50%), mild to mod-
erately reduced (30 to 49%) or severely reduced «30%). The
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examiner was unaware of the results of radionuclide angiography
because these tests were performed later. The chest X-ray fi lms
and electrocardiograms were obtained and interpreted within 48
hours of the radionuclide study in most patients.
Variables used to predict left ventricular ejection fracti on in-
cluded the following: age and sex of the patient; presence and
severity of angina pectoris and dyspnea according to the New York
Heart Association functional classification (5); history of previous
myocardial infarction; presence of enlarged heart observed on
physical examination, as indicated by displacement of the apical
impulse, lateral and inferior to the midclavicular line at the fifth
intercostal space; S1 gallop; a mitral regurgitation murmur; bi-
basilar rales; Q waves diagnostic of previous infarction, as defined
earlier. and roentgenographic evidence of cardiac enlargement
(cardiothoracic ratio ~50%) or pulmonary congestion (Table I).
Radionuclide ventriculography, The left ventricular ejection
fraction was measured by first pass radionuclide ventriculography
with a computerized multicrystal gamma camera (Baird-Atomic
Systems-77) equipped with a I inch (2.5 ern) parallel hole colli-
matorpositioned anterior to the precordium. The radionuclide an-
giograms were analyzed with computer software incorporated into
the system. The left ventricular ejection fraction was determined
from the background-corrected representative cardiac cycle as
follows:
End-diastolic counts - End-systolic counts 0----------~---- x I O.
End-diastolic counts
The technique has been previously described by this and other
laboratories (2.3).
Statistical analysis. Stepwise linear regression was performed
with the use of the statistical application for the social sciences
program (SAS) on the variables listed in Table J. to identify the
best predictors of left ventricular ejection fraction . Analysis of
variance was used to compare differences among groups of pa-
tients. The chi-square test was used to compare the differences
between the predicted and actual left ventricularejection fraction.
Aprobability(p) value of less than 0.05 wasconsidered significant.
Results
Sixty patients had angina pectoris; 25 were in functional
clas s I or II and 35 were in class III or IV (Tab le 1). Seventy-
nine patients had mild or no functional limitations related
to dyspnea (class I or II); 20 patients were severely limited
by dyspnea (class III or IV) . A history of prev ious myo-
cardial infarction was obtained in 46 patients, and 35 pa-
tients had Q waves on electrocardiography diagnostic of a
prior transmural infarction. Physical examination revealed
an enlarged heart in 18 patients and bibasilar rales in 14.
Chest X-ray study results showed cardiomegaly in 42 pa-
tients and pulmonary congestion in 24.
Measured and predicted left ventr icular ejection frac-
tion. The mean left ventricular ejection fraction as deter-
mined by rad ionuclide angiography for the entire group was
45 % (range 10 to 85). Patients were classified into three
groups according to the mea sured ejection fraction: group
1 comprised 44 patients with an ejection fraction of 50%
or greater; group 2 comprised 36 patients with an ejection
fraction between 30 and 49 %; and group 3 comprised 19
patients with an ejection fraction of less than 30%. The
distribution of the variables in relation to the ejec tion frac-
tion is shown in Table 1. Most pat ients with dyspnea (cla ss
III or IV) , a history of infarction, rales, enlarged heart by
physical examination, S3 gallop , electrocardiographic evi-
dence of prior infarction , enlarged heart by chest X-ray
examination and pulmonary congestion by ches t X-ray stud-
ies had an abnormal ejection fraction .
In group 3 . the ejection fraction was correctly pred icted
in 9 patients (47%); in the remaining 10 patients. the ejection
fraction was predicted to be 30 to 49 %. None of these
patie nts, howev er. was predicted to have a normal eject ion
fraction. In group 2. the ejection fraction was correctly
Table 1. Clinical, Electrocardiographic and Chest X-ray Findings
Group I (n = 44 ) Group 2 (n = 36) Group 3 (n = 19)
(no of prs) (no. of pts) (no of pts) p Value
Angina pectoris (NYHA)
Class I. II 10 (23 %) I I (3 1'k ) 4 (21'K) NS
Class III . IV 13 (30%) 15 (42 0/cl 7 (37'K ) NS
Dyspnea on exertion (NYHA)
Class I. II 39 (890/0) 29 (S I 'k) II (580/0) 0 0003
Class III. IV 5 (1 10/0) 7 (19°,0) 8 (42'70) 0 .0003
History of MI 11 (26 %) 23 (64 'k ) 12 (63'K) 0.0005
Rales 1 (2 o/cl 6( 170/0) 7 (37'K) 000 1
Displaced apical impulse I (2'*') 9 (25 'k) 8 (42 '!f) 000 02
Mitral regurgitation 5 (11 % ) S (22 'k) 6 0 2 '11-) NS
S, gallop 5 ( 11%) II (3 1'k) 13 (68'K) < 0 0001
MI by electrocardiogram 7 (1 6%) 17 (47 %) II (58'K) < 0. 00 0 \
Cardiomegaly by chest X-ray 3 (70/0) 21 (58% ) IS (95 '7cl < 0 0001
Pulmonary congestion by chest X-ray 3 (No) 9 (25 %) 12 (63 9C) < 0. 000 1
MI ~ myocardial rnfarction; n = number of patients: NS = not sigruficant: NYHA = New York Heart Associanon classificanon: p = probability. pts = patient'
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Table 2. Correlation Matrix of Variables Used to Predict the
Ejection Fraction
Table 3. Summary of Multiple Regressions of Independent
Variables Used to Predict Ejection Fraction With Stepwise
Regression Coefficients
physical signs or symptoms in these patients. In patients
with chronic coronary heart disease, deterioration in left
ventricular function results from myocardial scarring due to
infarction. Elevation of the left ventricular filling pressure
in these patients, whether due to increased stiffness of the
left ventricle or left ventricular dilation. or both, may occur
and will be aggravated by episodes of myocardial ischemia
such as those induced by physical activity (10). However,
the hemodynamic abnormalities are variable and may be
modified considerably by therapeutic intervention (II). The
abnormalities in left ventricular function are responsible for
abnormal physical signs (cardiomegaly, 53 gallop, murmur
of mitral regurgitation, basilar rales), symptoms of conges-
tive heart failure, abnormal chest X-ray findings (cardio-
megaly or pulmonary congestion) and electrocardiographic
abnormalities consistent with infarction.
Clinical variables predictive of ejection fraction. Pal-
meri et al. (12) evaluated the 12 lead electrocardiogram and
computed a scoring system that takes into consideration the
height and the width of the Rand 5 waves. They found that
this electrocardiographic scoring system is useful in pre-
dicting left ventricular ejection fraction in patients with acute
infarction. However, our own data (13). although confirm-
ing their observations in patients with acute infarction. have
Variable
2
3
4
Matrix
R2 = 0.14
R2 = 0.05
R 2 = 0.52
R2 = 0.24
R2 = 0.02
R2 = 0.19
R2 = 0.14
R2 = 0.14
R 2 = 0.18
R2 = 0.03
R2 = 0.24
No. of Independent
Variables Included
R2 = 0.52
R 2 = 0.56
R2 = 0.59
RZ = 0.61
Multiple RegressionVariable Entered
Cardiomegaly by
chest X-ray
Q wave MI
Dyspnea
Rales
MI ~ myocardial infarction .
Step
2
3
4
MI = myocardial infarction.
Angina
Dyspnea
MI by history
Rales
Displaced apical impulse
Mitral regurgitation
S3 gallop
Q wave MI
Anterior
Inferior
Cardiomegaly by chest X-ray
Pulmonarycongestion by chest X-ray
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predicted in 19 patients (53%). Of the remaining patients,
nine were predicted to have an ejection fraction of less than
30% and eight were predicted to have an ejection fraction
of 50% or greater. In group I. the ejection fraction was
correctly predicted in 33 patients (75%). The remaining II
patients were predicted to have an ejection fraction of 30
to 49%. None of these patients was predicted to have an
ejection fraction of less than 30% (Fig. I).
Therefore , bedside evaluation correctly predicted a nor-
mal ejection fraction in 33 of the 44 patients (75%) whose
ejection fraction measured by radionuclide angiography was
normal (group I). Similarly. of the 55 patients with a mea-
sured abnormal ejection fraction (groups 2 and 3), bedside
evaluation correctly predicted the ejection fraction in 47
patients (85%). The overall predictive accuracy was 81 %
(80 of the 99 patients).
The presence of cardiomegaly on chest X-ray study was
the single best predictor of ejection fraction (R2 = 0.52;
Table 2) . As determined by multivariant stepwise regression
analysis, the combination of cardiomegaly determined by
chest X-ray study and electrocardiographic evidence of prior
transmural infarction. dyspnea and rales improved the cor-
relation slightly (R2 = 0.61; Table 3. Fig. 2).
Discussion
Clinical evaluation has been useful in categorizing pa-
tients with acute infarction according to the degree of hemo-
dynamic decompensation (6). Riley et al. (7) found that in
patients with acute infarction, an S3 gallop occurs almost
exclusively in those with elevated left ventricular filling
pressure. Nevertheless. several studies (8,9) have indicated
that an abnormal left ventricular ejection fraction, some-
times of a severe degree, may occur even without abnormal
Figure l. Correlation between measured and predicted ejection fractions
In 99 patients.
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Clinical implications. This study emphasizes that the
traditional methods for patient evaluation are reliable in
predicting ejection fraction as normal or abnormal in most
patients (81%). For many clinicians, this level of probability
is sufficient to guide recommendation and management.
However, the precise degree of left ventricular dysfunction
was correctly identified in only half of the patients. Radio-
nuclide ventriculography thus adds significantly to the dis-
criminant power of the clinical, radiographic and electro-
cardiographic characterization of ventricular function in
patients with chronic coronary heart disease.
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Figure 2" Predicted versus measured ejection fraction in 99 patients by
means of a 4-variable model. References
shown that this scoring system is not useful in patients with
chronic infarction.
Sanford et a1. (9) examined 13 variables derived from
historical, physical, electrocardiographic and radiologic data
in patients with acute infarction, and found the six most
predictive variables ranking in decreasing order of impor-
tance to be: 1) anterior, transmural or subendocardial in-
farction; 2) abnormal chest X-ray results; 3) rales; 4) pre-
vious infarction; 5) transmural infarction; and 6) heart rate
greater than 100 beats/min. These investigators, by using
stepwise regression analysis, found that even these six op-
timal predictive variables could explain only 42% of the
observed variability in left ventricular ejection fraction.
Our results indicated that a synthesis of historical, phys-
ical, electrocardiographic and X-ray data can predict left
ventricular ejection fraction as normal or abnormal in 81%
of patients with chronic coronary heart disease. However,
the degree of left ventricular dysfunction was correctly pre-
dicted in only 28 of 55 patients with abnormal left ventric-
ular function (Fig. 1). It should be noted that no patient
with a normal ejection fraction as measured by radionuclide
angiography was predicted to have severe left ventricular
dysfunction; likewise, no patient with severe left ventricular
dysfunction by radionuclide angiography was predicted to
have a normal ejection fraction.
We found that cardiomegaly on chest X-ray study was
the best predictor for ejection fraction (R2 = 0.51; Table
2). We also found that four optimal predictive variables
(cardiomegaly by chest X-ray study, transmural infarction
by electrocardiogram, dyspnea and rales) could explain only
61% of the observed variability in left ventricular ejection
fraction (Fig. 2).
I. Hood WP Jr, Rackley CE, Grossman W. Cardiac ventriculography.
In: Grossman W, ed. Cardiac Catheterization and Angiography. Phil-
adelphia: Lea & Febiger, 1980:170-84.
2. Rerych SK, Scholz PM, Newman GE, Sabiston DE Jr, Jones RH
Cardiac function at rest and during exercise in normals and In patients
with coronary heart disease. Evaluation by radionuclide angiography.
Ann Surg 1978,187:449-63
3. Iskandrian AS, Hakki A-H, Kane SA, Segal BL. Quantuanve radio-
nuclide angiography In assessment of hemodynamic changes during
upright exercise Observation in normal subjects, panents With cor-
onary artery disease and patients with aortic regurgitation Am J Car-
diol 1981;48:239-46
4. Pombo JF, Troy BC, Russell RO Jr. Left ventricular volumes and
ejecnon fraction by echocardiography Circulauon 1971,43.480-90.
5. Cnteria Comrmttee of the New York Heart Association. Nomenclature
and Criteria for Diagnosis of Diseases of the Heart and the Great
Vessels. 8th ed. Boston' Little, Brown, 1979:290.
6. Forrester JS, Diamond GA, Swan HJC Correlative classiticanon of
cltnical and hemodynarruc function after acute myocardial infarcnon.
Am J Cardiol 1977;39'137-45.
7 Riley CP, Russell RO, Rackley CEo Left ventricular gallop sound and
acute myocardial Infarction. Am Heart J 1973.86:598-602.
8. Shah PK, Pichler M. Berman DS, Singh BN, Swan HJe. Left ven-
tncular ejection fraction determined by radionuclide angiography In
early stages of first transmural myocardial infarction. Am J Cardiol
1980;45:542-6.
9. Sanford CF. Corbett J. Nicod P, et al. Value of radionuclide ventnc-
ulography in the immediate characterization of patients with acute
myocardial Infarction. Am J Cardiol 1982,49.637-44.
10. Barry WH, Brooker JZ, Alderman EL, Harrison DC Changes In
diastolic stiffness and tone of the left ventricle during angina pectoris.
Circulation 1974;49:255-63.
II. DeMaria AN, Vismara LA, Auditore K, Amsterdam EA, Zelts R,
Mason DT Effects of mtroglycenn on left ventricular size and cardiac
performance determmed by ultrasound in man. Am J Med 1974;57.754-
60.
12. Palmeri ST, Harrison DG, Cobb FR. A QRS scoring system for
assessing left ventncular funcllon after myocardial infarction N Engl
J Med 1982;306:4-9.
13. DePace NL. Iskandnan AS, Hakkl A-H. Kane SA, Segal BL. Use of
QRS scoring and thallium-201 scintigraphy to assess left ventncular
funcnon after myocardial infarction. Am J Cardiol (in press).
